• Searching PAJ 



Page ljp^ 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 05-285740 
(43)Date of publication of application : 02.11.1993 



(51)lnt.CI. 




B23P 15/28 
B23B 27/14 
C23C 16/34 




(21)Application number 


04-115404 


(71)Applicant 


: MITSUBISHI MATERIALS CORP 


(22)Date of filing : 


08.04.1992 


(72)lnventor : 


KAWAMURA MASAO 



(54) HARD LAYER COATED CUTTING TOOL AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a physically deposited TiN hard layer coated cutting tool excellent in 
defect and wear resistance, and its manufacture. 

CONSTITUTION: This is a hard layer coated cutting tool which comprises a physically 
deposited TiN hard layer coated over its substrate wherein the residual compression stress of 
the layer is 0.9 to 1.25GPa, and its average grain size is 190 to 270 angstrom. In the 
manufacture of the hard layer coated cutting tool in which a TiN hard layer is physically 
deposited over the surface of the substrate while bias voltage is being applied to the 
substrate, and bias voltage is controlled to be gradually lowered shortly after physical 
deposition is started. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the defect resistant and wear-resistant outstanding 
physical -vapor-deposition titanium nitride hard layer (it is hereafter described as TiN hard layer) 
covering cutting tool to cutting of severe conditions. 
[0002] 

[Description of the Prior Art] The TiN hard layer covering cutting tool which generally comes to form a 
TiN hard layer in the front face of the base which consisted of WC radical cemented carbide, a TiCN 
radical cermet, or ceramics with physical vapor deposition, such as ion play TIGU, is known. It is 
known that the TiN hard layer in which the high residual compression stress of 0.9 or more GPas exists 
in the above-mentioned TiN hard layer, and the applied high residual compression stress exists is also 
excellent in defect resistance, the residual compression stress of the above-mentioned TiN hard layer » 
"the Japan Institute of Metals'" - the 49th volume -- the 2nd - No. (1985) P120-124 and the "Japan 
Institute of Metals" the 49th volume - the 9th - it is explained by No. (1985) P773-778 in full detail. 
[0003] 

[Problem(s) to be Solved by the Invention] However, although the big TiN hard layer of the above- 
mentioned residual compression stress was excellent in defect resistance, its abrasion resistance was 
low, and it was not able to respond enough to cutting of severe conditions in the cutting tool which 
comes to cover the big TiN hard layer of this residual compression stress. 
[0004] 

[Means for Solving the Problem] Then, the result of having inquired so that both this invention persons 
etc. may get the TiN hard layer covering cutting tool excellent in defect resistance and abrasion 
resistance, Although abrasion resistance was insufficient for the big TiN hard layer of the residual 
compression stress formed by the conventional physical vapor deposition since the diameter of average 
crystal grain served as coarse grain 280A or more Abrasion resistance of the TiN hard layer which the 
diameter of average crystal grain made detailed to 270A or less even if residual compression stress was 
large also improves maintaining the above-mentioned defect resistance excellently. The TiN hard layer 
which this diameter of average crystal grain made detailed to 270A or less acquired the knowledge of 
being obtained by controlling to lower the bias voltage of physical -vapor-deposition equipment 
gradually from the time of physical-vapor-deposition initiation. 

[0005] This invention is made based on this knowledge (1). In the hard layer covering cutting tool which 
comes to cover a TiN hard layer on a base front face the above-mentioned TiN hard layer Residual 
compression stress : 0.9 - 1.25GPa, the hard layer covering cutting tool which has diameterof average 
crystal grain 190-270 A, And (2) In the manufacturing method of the hard layer covering cutting tool 
which carries out the physical vapor deposition of the TiN hard layer to the front face of the above- 
mentioned base while applying bias voltage to a base It has the description in the manufacturing method 
of the hard layer covering cutting tool controlled to lower the above-mentioned bias voltage gradually 
from the time of physical-vapor-deposition initiation. 
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[0006] In the conventional physical vapor deposition, the bias voltage concerning a base from the place 
currently held uniformly Although it will be thought that the temperature of a base rises gradually, the 
crystal grain of a TiN hard layer also makes big and rough the residual compression stress of the TiN 
hard layer formed in a base front face at the same time it increases, and the abrasion resistance of a TiN 
hard layer falls if a physical vapor deposition is continued On the other hand, like this invention, if the 
bias voltage concerning a base is lowered gradually The temperature of a base is held uniformly and big 
and rough-ization of the crystal grain of a TiN hard layer is avoided. The residual compression stress of 
a TiN hard layer is held within the limits of 0.9-1 .25GPa, and it is thought that defect resistance was 
able to raise the abrasion resistance by making crystal grain of a TiN hard layer detailed, being 
maintained by the level almost equivalent to the former. 

[0007] If the residual compression stress of the TiN hard layer of the hard layer covering cutting tool of 
this invention is smaller than 0.9GPa(s), sufficient defect resistance will not be obtained, and on the 
other hand, if residual compression stress is larger than 1.25GPa(s), the fall of adhesion is not 
remarkably desirable. Therefore, the residual compression stress of the TiN hard layer of the hard layer 
covering cutting tool of this invention was set to 0.9GPa- 1 .25GPa. 

[0008] Moreover, it is difficult to control the diameter of average crystal grain of the above-mentioned 
TiN hard layer by the approach of lowering the bias voltage of this invention toward termination from 
physical -vapor-deposition initiation to less than 190A, and since abrasion resistance will fall rapidly if 
the diameter of average crystal grain is made larger than 270A on the other hand, without lowering bias 
voltage, it is not desirable. Therefore, the diameter of average crystal grain of a TiN hard layer was set to 
190-270 A. 

[0009] As for the bias voltage added [ diameter / of average crystal grain / 0.9GPa-l .25GPa and ] in the 
residual compression stress of the above-mentioned TiN hard layer in order to make it 190-270A, it is 
desirable to make it descend within the limits of 50-700V. 
[0010] 

[Example] Below, the example of the hard layer covering cutting tool of this invention and its 
manufacturing method is concretely explained based on a drawing. 

[001 1] As raw material powder, respectively Mean-particle-diameter:3micrometer Co powder, TiC 
powder, TaC powder and WC powder are prepared. These powder Co powder:9 % of the weight, It 
blends so that it may remain and may become :WC powder 2% of the weight. TiC powder: - 1 % of the 
weight and TaC powder: - After mixing, the chip made from WC radical cemented carbide which casts 
to a green compact, sinters this green compact on condition that usual, manufactures a sintered compact, 
carries out grinding of this sintered compact, has the configuration of ISO standard TANGA 160408, and 
has the quality of the material equivalent to ISO standard P30 was produced. 

[0012] It equipped above [ in the fission reactor 1 of the structure which uses this chip made from WC 
radical cemented carbide as a base 3, and is shown in drawing 1 ], and, on the other hand, was filled up 
with titanium metal 6 in the crucible 4 installed down [ in a fission reactor 1 ]. 
[0013] In this condition, the pressure in a fission reactor 1 was exhausted so that it might become the 
vacuum of lxl0-5Torr, and the temperature up of the temperature in a fission reactor 1 was carried out 
to 700 degrees C at the heater 8. 

[0014] Although the inside of a fission reactor 1 was held to this temperature, Ar gas was supplied 
through the reactant gas inlet 2 from the massflow controller 9, and after holding in Ar gas ambient 
atmosphere of 5xlO-2Torr and carrying out bombardment cleaning of the base 3, the above-mentioned 
Ar gas was discharged from the fission reactor 1 . 

[001 5] Next, heating evaporation of the titanium metal 6 is carried out with an electron beam 7, a 
forward electrical potential difference is impressed to an electrode pattern 5, and discharge is made to 
occur with the secondary electron which the electron beam 7 collided with melting titanium metal 6, and 
generated between an electrode pattern 5 and melting titanium metal 6, and the metallic fumes which 
evaporated from the front face of melting titanium metal 6. While performing this actuation, the 
massflow controller 9 was controlled by the vacuum gage 10 and the pressure controller 1 1, nitrogen gas 
was supplied, and the physical vapor deposition of a TiN hard layer was started. 
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[0016] After starting the above-mentioned physical vapor deposition, the skin temperature of a base 3 
was supervised with the emission pyrometer 12, the physical vapor deposition was carried out for 60 
minutes, lowering bias voltage gradually on the conditions shown in Table 1 in order to maintain the 
signal at bias power supply 13 through a temperature controller 14 at delivery and the temperature 
shown in Table 1 in the skin temperature of a base 3, and the manufacturing methods 1-20 of the 
covering cutting tool which has a thickness:3.0micrometer TiN hard layer were enforced. 
[0017] 
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[0018] CuK alpha rays (collimated beam) are used about the hard layer covering cutting tools 1-20 
obtained according to the manufacturing methods 1-20 of the above-mentioned hard layer covering 
cutting tool, and it is 2theta-sin2. The following formula was used and asked for residual-compression- 
stress sigmagamma of a TiN hard layer from psi relation straight line, and the result was shown in Table 

2. 
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sigma=[ gamma] {(E-cot thetao) 12 (1+nu)} - {pi/180} - {delta (2theta)/delta (sin2 psi)} 
However, thetao : Standard Bragg-angle E:Young's-modulus nu:Poisson ! s-ratio sigmagamma: The X 
diffraction of the above-mentioned TiN hard layer was carried out to the residual-compression-stress 
pan, the diameter of average crystal grain was computed to it by the formula of Scherrer using the half 
peak width of a field (200), and the result was shown in it in Table 2. 

[0019] About the hard layer covering cutting tools 1-20 which have the residual compression stress and 
the diameter of average crystal grain which are shown in Table 2, the intermittence dry type cutting trial 
and the continuation dry type cutting trial were performed on condition that the following, and those 
results were also shown in Table 2. 

[0020] **-ed [ intermittence dry type cutting trial ] material: — the conditions of the cy Under object with 
which four slots stuck to the shaft-orientations periphery by the product made from SCM440 (Brinell 
hardness: 300), cutting speed: 100m/min., delivery:0.21mm/rev., infeed:L0mm, and cutting- 
time:2min.** - intermittence dry type cutting ~ carrying out - ten trials - the cutting edge which the 
deficit of the cutting edges generated - the number was measured. 

[0021] ** [-ed / continuation dry type cutting trial ] material: Carry out continuation dry type cutting on 
condition that SNCM439 (Brinell hardness: 250), cutting speed: 180m/min., delivery :0.3mm/rev., and 
infeed: 1.5mm**, and it is flank wear width-of-face:VB. Time amount (minute) until it is set to 0.3mm 
was measured, and the crater depth at the time of 15-minute cutting was also collectively measured at 
this time. 
[0022] 
[Table 2] 
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[0023] 

[Effect of the Invention] It turns out that the covering cutting tools 8-15 of this invention article which 
has the TiN hard layer which carries out a physical vapor deposition on condition that the manufacturing 
methods 1-20 of the covering cutting tool shown in Table 1, has residual compression stress within the 
limits of 0.9GPa-1.25GPa as a result of producing the TiN hard layer covering cutting tools 1-20 which 
have the residual compression stress and the diameter of average crystal grain which are shown in Table 
2, and is within the limits of diameterof average crystal grain 190-270 A are most excellent in defect 
resistance and abrasion resistance. 

[0024] However, residual compression stress is 0.8 or less GPas, the covering cutting tools 1-7 and 
residual compression stress of the elegance outside this invention which has a diameter of average 
crystal grain in 190-270 A are 1.32 or more GPas, defect resistance falls and, as for the covering cutting 
tools 16-20 of the elegance outside this invention with the bigger diameter of average crystal grain than 
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270A, abrasion resistance is also further known by falling. 

[0025] As mentioned above, the TiN hard layer covering cutting tool which adjusted residual 
compression stress and the diameter of average crystal grain to the predetermined range can fully 
respond to cutting of severe conditions, and does so the effectiveness which was excellent on industry. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows ^ worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the physical-vapor-deposition equipment used for 
manufacture of the hard layer covering cutting tool of this invention. 
[Description of Notations] 

1 Fission Reactor 

2 Reactant Gas Inlet 

3 Base 

4 Crucible 

5 Electrode Pattern 

6 Titanium Metal 

7 Electron Beam 

8 Heater 

9 Massflow Controller 

10 Vacuum Gage 

1 1 Pressure Controller 

12 Emission Pyrometer 

13 Bias Power Supply 

14 Temperature Controller 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the hard layer covering cutting tool characterized by for the above-mentioned TiN hard 
layer having residual-compression-stress:0.9-1.25GPa in the hard layer covering cutting tool which 
comes to cover a titanium nitride (for it to be hereafter described as TiN) hard layer on the base front 
face which consists of cemented carbide, a cermet, or ceramics, and having diameter: of average crystal 
grain 190-270 A. 

[Claim 2] The manufacturing method of the hard layer covering cutting tool characterized by controlling 
to lower the above-mentioned bias voltage to the front face of the above-mentioned base gradually from 
the time of physical-vapor-deposition initiation in the manufacturing method of the hard layer covering 
cutting tool which carries out the physical vapor deposition of the TiN hard layer, inserting in the base 
which consists of cemented carbide, a cermet, or ceramics in the fission reactor of usual physical-vapor- 
deposition equipment, and applying bias voltage to the above-mentioned base. 

[Translation done.] 
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